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Quality Characteristics and Antioxidant Effects of Bread Containing

Codium fragile Powder
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This study investigated the quality characteristics and antioxidant activity of bread containing Codium fragile powder
(CFP; 1, 3, 5%). As the CFP content increased, the fermentation expansion (%) of the dough significantly decreased
(P<0.05). No significant difference (P>0.05) was observed in the moisture content (%) of bread as the CFP content
increased, but the pH and weight significantly increased (P<0.05). The bread volume, specific volume, and bak-
ing loss significantly decreased (P<0.05) as the CFP content increased. The L, a and b Hunter colors on the bread
crust showed a tendency to decrease (P<0.05) as the CFP content increased. Compared with the control, the bread
crumb darkened and presented a green color as the CFP content increased. Compared with the control (DPPH,
4.10%, ABTS, 2.17%), the free radical scavenging activities of DPPH (1,1-diphenyl-2-picrylhydrazyl) and ABTS
[2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid] as antioxidant indices gradually increased (P>0.05) with the
CFP content increased (DPPH, 9.77-18.63%, ABTS, 4.30-11.40%). Collectively, these results can make a compel-
ling case for the functional development of CPP-containing bread due to its antioxidant properties. Furthermore, this
study intends to contribute to the development of various processed seaweed foods by expanding the availability of

CFP, which is easy to use and store for a long time.
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H24e W7V Ame] A2 BAL Fig. 13} 2k B2HARE
R|z517] 9JaA] B el AJukol 49 el (BEKSUL;
CJ CheilJedang, Seoul, Korea) 150 g, ©|~E(Ehomebakery,
Societe Industrielle Lesaffre, France) 2.5 g, A%(BEKSUL;
CJ Cheilledang) 7.5 g, 2~=(Chungjungone, Daesang, Seoul,
Korea) 2 g& 150f| YaL Aotk A 322 4 f-oll= &
GA FAFA FaHobA] ARSIl en, 3 2= Fof 73]
FAIRE = 2E QI A o 23 A B dite 5235 Al
718}t ©]% Drying oven (J-NDS2; JISICO, Seoul, Korea)
ofl 30°Col| 48417 AxAIZI T} 7H] 4=20] oF 1.6%= 7 9]
SRS A ol A 9 A4 7](SHMF-3000S; Hanil, Seoul, Korea)
2 B3t & 1x1 mm *"F(Stainless Chaemang, MODERN
COOK, Korea)o.=2 ZzWjo] E1o] el A xst3ict 4
7} A7) - A USRS 1%, 3%, S%E A
ZFetgict 28]al ghR|E--(Ottogi, Ottogi Samhwa Foods,
Korea) 4 g¥} E=(Samdasoo; JPDC, Jeju, Korea) 100 g& =
o 3 2H|QlE A Fof Wil HESHQiTh of wf MR Q1A
(MR-M207WB; LG, Seoul, Korea)ol| Bl ¢4 u]z|LalA &
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(Chefood; Lotte, Seoul, Korea) 12.5 g2 ¥ 31 Z-FEl(gluten)
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- )
| Codium fragile |
¥
Washing and drying
(at drying oven for 30°C, 48 h)
Mixing yeast 2.5 g, sugar 7.5 g
andsalt2g ‘
Grinding Codium fragile and
‘ « transform into powder
Adding Codium fragile powder a
percentage of flour (0%, 1%, 3%, 5%)
A
Mixing powdered skim milk 4 g, \ j

water 100 mL

A

| Adding buter 12.5 g to dough |

&

| Mixing when the dough forms gluten |

«

| Primary fermentation (30°C, 60 min) |

«

| Shaping bread |

&

| Secondary fermentation (30°C, 30 min)|

«

| Heating oven to 170°C, 20 min |

A

| Codium fragile bread |

Fig. 1. The preparation procedure of the bread containing Codium
fragile powder.

S &vtEto R B3 e uf 7o) B JrE wavt Hglow
AES 5lo] 15.3%7.3%6.5¢cm -E(mini bread mold; DAEIL
BSP, Hwaseong, Korea)oll @oi5=9lc}, 30°CojlA] 30423t 2
A} ora e Az Wzt BY 5 9 B(EON-CS2C; Sk-
magic, China)o]| 170°Coj|A] 208 -2 o2 w2 W= 3o] 4
ol AHg-sk3iTt.
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A7 B Wl Y 7R 2 crumb) 9] 8 SFES AR 3 g2
F&f +E=%47]|(WBA-110M; DAIHAN, Seoul, Korea)E ©]

$5t0] 33] ¥ 2% 5 BRghoE Lrehflct,

H7paupe] elorusyi LH(cmb)e] AEE A7
(Ne4000; Nippon denshoku, Tokyo, Japan)E ©]-&35}o] z}
Z}9] #d5l+= Hunter LEH(H e, lightness), agh(Z A%, red-
ness), ba(EAE, yellowness), AE(HA|Z2l M over-
all color difference)© 2 UENATE. AEQ AAMPHS
AE=[(ALY+(Aay+(Ab)y]"28] AliHAof| wh2t}. Ao 2
gk EE2 33 HHE S5 & Hotgho 2 e Sith

HztAlmol ABTS airlz AZ{EHS

A Z+A]m0] 2.2'-Azino-bis(3-ethylbenzothiazoline-6-sulfon-
ic acid) (ABTS) diammouium 2}t]Zt 2AZA 5 B4 Lee
et al. (2014)9] WIS ZFa1slo] =3f3}3ict. 7 mM 2] ABTS
¢} 2.45 mM2] K,S O, (potassium persulfate)5 570l -&
3f|5Fo] 12-16A17F F-2F 9Alof WFx|3lo] ABTS cation radical
(ABTS"; Sigma-Aldrich Co.)& @A 171 5, o] -8-91-2-99.9%
of 23} 1:1 v &2 41 0] 734 nmoj| A &4 42| 0.70+0.027}
L L CCE RERPEEPEREEEE
W 415 0,05 g% 94 ABTS' §:9 1 mLo] 743fe] 60811t
$A1713 734 nmel 4 FRHEE 345195, A o2 A

25 dgj4l8te] L-ascorbic acidE ABTS9} -2 FE 2 F5}o]
A9l5FGITh ABTS o]zt &AM 52 2 2= 0%, 1%,
3%, 5% 471st A zF2 ) ok tfj 2291 L-ascorbic acid &
B g oto] ofelj e o] Wl (%)= FAISHITE

ATBS gtt|Z &7 & 5(%)=
A_,, of control-A_, of sample

# 100
A_., of control
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A zrAmo] 1,1-diphenyl-2-picrylhydrazyl (DPPH; Sigma-
Aldrich Co.) &tz 24 A 52 Kang et al. (2016)2] W
of whz} A DPPH €42 0.005 g/100 mLE 99.9% ofe-29]]
8415k 3 2417F o] AF Qo 4 RIS}, 517 nmollA] e
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£ 7s}o] ofel o} o] HEE(%)R EA AL
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A, of control-A; . of sample 100

A, of control

17
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HEAF2IE SR Zestgl on, FA L2 THL2 SPSS
version 12.0 software (SPSS Inc., Chicago, IL, USA)o]A]

one-way ANOVA % Duncan’s multiple range testS A-8-5}1
P<0.05014 o/ ARSI
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Ao g oA art St upe A9 PP S S L
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Table 1. Expansion after 90 min fermentation of dough containing Codium fragile powder

Codium fragile powder (%)

Fermentation time (min) 0

3 5

90 262.50+4.34%"

184.21+4.43°

177.78+3.25™ 175.00+5.12°

'a-c, means with different letters in same row are significantly different(P>0.05) by Duncan’s multiple range test.
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Table 2. pH and moisture content of bread containing Codium

fragile powder

Codium fragile powder (%) pH Moisture content (%)
0 5.04+0.01¢ 43.28+0.20N%2

1 5.06+0.00° 43.25+0.15

3 5.25+0.01° 43.32+0.26

5 5.28+0.012 43.55+0.39

100° - 1.6£0.18

'a-d, means with different letters in same column are signifi-
cantly different(P<0.05) by Duncan’s multiple range test. NS,
means with different letters in same column are not significantly
different(P>0.05) by Duncan’s multiple range test. *Means with
just experimented about Codium fragile powder.
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a0 7ol 43.28%E, A2 2T 1%, 3%, 5% J7Iet
A2 72 43.25%, 43.32%, 43.55% = UERg o 894

o]t GloATHP>0.05). APe] 7ol o] £ ]
oA AFOZ uARo] FAT 4= QIrks A 1T vf v
A Fol7h Basthn ARE e,

Hzbamol 87, 21|, I8N U FrleMe

dzpage] 7|, Ful, vlgA Bl Hr)Edeo] S
L Table 39} Zt}, Alwho] A= R

Al

=
-2 77} 650.67 mL, 565.31 mL, 530.15 mLe] 272 1}
ERQIT o= 7 £ AVtES SIS Bl A
3t El=d), ¥5e] fAs SEAE o 2 B
THE W7ER ool ol E7] Wl 23 4ol
A g ERE Aol 7l Ao AlRH

Alugo] u]-g-2- 2 Bl ol npxr kA 2 1%, 3%, 5% H7F 22

< AH7ket AFI(2.70%, 2.30%, 2.11%)5 T} o) 2(3.02%)
o] 7P =k, A7 B HUNE SUMASE foF o8
FaaF Eh(P<0.05). 7|48 g Zto] 10.67%0|H 4l
LS 7H7E 9.51%, 8.52%, 8.45%0. & H7F BukS Hyleks
5 adte S JErou F7 BT 3% 5% A7t
Sk Alo] 9ol = §-94 Zpol7} wAHER] ¢hSITHP>0.05).
Kim etal. (2017)2] A-9-4Fo] S22 71eh A]¥3t Lee (2015)
o] B2 Ze] £u-g A7k Al Aol A B ket o] 4]
WOl A7} F7kshe whdol] F71eMe dadte B
Bt Lee (2015)9] Aol wp2H who] A7} F7FskaL o
7| go] Ak A Hole 4 g AR st
Zpolof| ofgh Ao & & st
FZrAlWo| Mo A3}

M2 270) I Table 49k 23, AAAS ol ool
Hunter L7}, agl, bgto 2 FLE 5 o] L2 "W (lightness), a
GH2 A A= (redness), bik2 S (yellowness), A B4R A
A4 el M= (overall color difference)E YERHT). Cha et al.
(2012)2] £555e] k] ol h=17] o] ks B4} a4l

Table 3. Weight, volume, specific volume and baking loss of bread containing Codium fragile powder

Codium fragile powder (%) Bread weight (g) Bread volume (mL) Specific volume (mL/g) Baking loss (%)
0 243.4910.121 735.66+2.60° 3.02+0.012 10.67+0.252
1 244.39+1.88° 650.67+5.42° 2.70+0.08° 9.51+0.41°
3 249.91+4.80% 565.31+4.32¢ 2.30£0.12¢ 8.5240.32°
5 265.99+21.23° 530.15+5.32¢ 2.11£0.06¢ 8.45+0.44°

'a-d, means with different letters in same column are significantly differen t(P<0.05) by Duncan’s multiple range test.
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St FFE FrhaL HERH AT A 2717 e 1A
o] Z7kste] Al& Hde] Aol o] AYafiAlE A 0R Bilste]
THCha et al., 2012; Choi et al., 2019). & Aol A= P2+ &
TS A7betel S o, Ale] e (crust) F2E £ A4
5 Lk agh 2 bglo] B fadhe A HolAY 24
O 2 Z45FTh(P<0.05). BHoll AEZS B2 282 W7
5 AR FUISHATHP<0.05). 5, A1W2] ZW(crust)
O %, A7 S ol B2 AWYSF o F2 Al Y

A Blof Liko] st edehFig. 2). o] 47 o) qlgh  ABTS ez 27%5.0] A3k 242} 89.55%, 90.40% e}

Fig. 2. The image of the bread containing a) 0% (w/v), b) 1%
(W/v), ¢) 3% (w/v), d) 5% (w/v) Codium fragile powder.

Ao 2 913 aghy} bk @Al A7k Bt ghoako] Zulgkef wpet Wt 53], DPPH S &7 8459 4% H 2 2= A7t
Aastgon], AEGR HAH 02 Mo| Asigly] e F7p  SFA 2 thET(410%)S 71E 02 1%, 3%, 5% P4t 2
Ao g AmE) = H7IRE A2 Zhzt oF 2.30l, 3.90) 5L 4.5u 2 gHikel B4
Ao} 22w (crumb)S 1%, 3%, 5% J7F Buk-g H7feks o S-S YERRITE ABTS itz 27245 Al di=
= Hunter Lgko] §-214 02 7343t ch(P<0.05). 131, & Lol Hlake 1%, 3%, 5% 7+ B drhst Alwo] A9 7t
7} 2Ore A7jeh RS Aole] agtu btel §olH Aol 2ok 2uH, 3.5u 9 5. 2uho) v 9k Akt S AT
S OLHP>0.05) 0|52 BE Tzt v|ate] Lt} aghe Kim et al. (2015)2] A-ollAl= H S AR AZ] & Eafsh=
ZHastdon bkl AEGRS Z718HIehP<0.05). =, Alwo] WA o8t o] iteks S ABTS 2oz 47
A (crust)zt o] SH(crumb)el A B2t mfo] Aeksa W ATRE 1496% $Riha Bists, Kim et al.
) (2006)9] Ao %= H7} 5220 that 5h4keE DPPH e
HZEAIO| SHALSH BHA Z;‘i?f*é o 30%; LRk = 54:% Jun et al. (2019)2]
J71atA 2] A9} Choi et al. (2020)9] HZH-FHE Ao A=
A2t BT A/FS Z7bA4E DPPH 2ftiZ A% 3709) 7 )R] wet ghaste o] F7kska 9l gk,
B ABTS 2tz 278450 f980R Z7lgnt B Aol A B2 Bt gl AR A e
(P<0.05) (Table 5). Fzt2jwo] ikl avfs =457 9 e ] 55519 2L Kim et al. (2018)0] Ha1gHHEe} ZHo] 4
3lo] oA 249l L-ascorbic acidE ARME-3}93 DPPH U 7} 5 347l E2]#i5<] anthocyanins, tannins, catechins,
Table 4. Hunter value of bread containing Codium fragile powder
Codium fragile powder (%) 0 1 3 5
L 62.65+1.20% 55.87+0.69° 54.56+1.33° 49.95+1.36°
Crust 8.90+0.482 7.94+0.362 3.4940.06° 2.2941.22°
28.2410.71° 25.99+0.48° 23.51+1.15¢ 22.11+0.81°
AE 45.51+0.97° 49.57+0.62° 48.79+0.71° 52.27+0.832
Hunter value
77.2740.242 67.720.75° 57.41£0.11° 53.5510.35¢
Crumb -2.25+0.76° -5.031£0.42° -4.9510.05° -4.8340.38°
19.54+0.69° 23.02+0.75° 22.51+1.172 21.97+1.30°
AE 27.88+0.70° 37.6140.80° 45.94+0.66° 49.33+0.09°
'a-d, means with different letters in same row are significantly different (P<0.05) by Duncan’s multiple range test.
Table 5. DPPH and ABTS free radical scavenging activities of bread containing Codium fragile powder
Codium fragile powder (%) 0 1 3 5 Vitamin C'
DPPH 4.10£0.10°2 9.77+0.06¢ 16.30+0.10° 18.63+0.06° 89.55+0.39°
ABTS 2.1740.12¢ 4.3040.10¢ 7.87+0.06° 11.40£0.10° 90.40+0.36°

'Means with positive control about DPPH and ABTS free radical scavenging activities. %a-e, means with different letters in same row are
significantly different (P<0.05) by Duncan’s multiple range test. DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2'-Azino-bis(3-ethylben-
zothiazoline-6-sulfonic acid.
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